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Abstract 

On the basis of the recent results of ^(2230) —> tt+tt", pp and ^(2230) —> 
K^K~, KgKg, measured by the BES Collaboration in J/ij radiative decays, 
combined with the PS185 experiment of pp —> ^(2230) —> KK, we argue that 
because of its very narrow partial decay widths to tttt and KK (less than 1 MeV 
), its large production rate m. J/tp radiative decays, and its flavor-symmetric 
couplings to vrTT and KK, the ^(2230) is very likely to be a = [even)'^^ 
glueball. 
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The .^(2230) particle, a narrow state with a width of about 20 MeV, was hrst 
observed by the MARK III Collaboration at SLAC-SPEAR in the radiative decays 
of J/ip to K^K~ and KsKs hnal states^^l There are many speculations about the 
nature of .^(2230). It could be an ordinary ss quarkonium state^^l, a baryonium state 
such as (gs) 3 * — ( 95)3 with q being a u or d quarkl^l, a AA bound state^"^], an ssss 
state!®], a qqg hybrid!®’®!, or a glueball!'^!. 

Recently, the BES Collaboration at BEPC (Beijing Electron Positron Collider) 
has reported new results of the .^(2230). Two signihcant decay modes ^ and 

^ ^ pp have been observed in addition to ^ K^K~, KsKg- The measured mass, 
width, and branching ratios are as follows!®!. 

7 ^, i tt+tt-; 

= (2235 ± 4 ± 6 )MeP, 

= (19+}® ± 12)MeK, 

BR{J/P) 7 O X BR{i vr+TT-) = (5.6l}j ± 1.4) x 10“®. (1) 

7^, i PP- 

= (2235 ± 4 ± b)MeV, 

= ( 15^12 ^ 9)]vfeR, 

BR{J/P) 7 O X BR{i pp) = (1.5;o| ± 0.5) x 10"®. (2) 

7^, i^K+K--. 

= (22301^ ± 12)MeV, 

P^ = (20^}® ± 12)MeK, 

BR{J/Pj 7 O X BR{^ K+K-) = (3.3;}J ± 1.1) x 10"®. (3) 

7 ^, ^ ^ KsKs'. 

= (2232^® ± 15)1461+, 

P? = (201}® ± 10)MeK, 

BR{J/Pj ^ 7 l) X BR{i ^ KsKs) = (2.7lJ;^ ± 1.0) x 10"®. (4) 

These results indicate that the 1(2230) decays are probably flavor symmetric, and 
its total width is as narrow as about 20 MeV. These features may make 1(2230) 
distinguishable from many other states. 

The situation will become most clear-cut when combining the BES result with the 
experiments ETSO!^! at BNL-AGS, PSITO!^®! at CERN-LEAR, and PSlSh!^^] at CERN- 
LEAR aimed at 1(2230) in the reaction pp 1(2230) ^ KK. These experiments 
hnd no any signihcant structure in the 1(2230) region and only give an upper bound 
for the following product of branching ratios (see, e.g., refs.[11,12]) 

RR(1 ^ pp) X RR(1 ^ KK) < 1.5 x lO”! (5) 


In J/pj 


In J/pj 


In J/p) 


In J/p) 
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where J = 2, = 20MeV for ,^(2230) are assumed, and where KK include all kaon 

pairs. 

Note that BR{^ pp) measured by BES is only four times smaller than BR{^ 
KK). Then combining the BES branching ratios given in (l)-(4) with the PS185 
result (5), and taking again T^ = 20MeE, we hnd 


BR{^ n~^n ) < 2.4 x 10 
BR{^ pp) < 0.6 X 10“^ 
BR{^ K+K-) < 1.4 X 10"^ 
BR{^^KsKs)<l.lxl0-^ 


r(e- 

TT^TT ) < 480PeV, 

(6) 

r(e- 

->■ pp) < 120PeE, 

(7) 

r(e- 

K+K-) < 280KeV, 

(8) 

r(e- 

-4 KsKs) < 220KeV. 

(9) 


In particular, with (1) and (6), we immediately get a rather large branching ratio for 
J/Pj 7^(2230) 

BR{J/p) 70 > 2.3 X 10“l (10) 

With above observed bounds, we can see at least three pronounced features of the 

0 

(1) The partial decay widths of p to and KK, as shown in (6)-(9), are much 

smaller than that of any conventional qq states, including {uu + dd), and ss, or their 
admixtures. It is obvious that for any conventional qq meson whose decay is OZI- 
rule allowed, its total width and partial widths of certain main decay modes must 
be of order of 10 — lOOMeE. E.g., for the P-wave = 2++ mesons, the /2(1270), 
which is mainly a {uu + dd) state, has a patial decay width of about ISOMeE to tttt, 
while the /2(1525), which is mainly an ss state, has a partial decay width of about 
50MeV to PP42]_ por the P-wave mesons, based on some quark model calculation 
it was argued!^] that if .^(2230) was a ^P 2 or ss state, its decay to KK conld 
be snppressed by the L = 3 centrifngal barrier and consequently the decay width to 
KK conld be lowered to 20 — SOMeV, but can not be as small as , say, SOOPeE. 
On the other hand, the /4(2050), which is a {uu -|- dd) dominated state, has an 
observed total width of 200MeE and a partial decay width of SOMeV to tttt . We 
see that, with both experimental observations and quark model calculations, all this 
kind of qq states can hardly have a total width of 20MeV and, in particnlar, can not 
have a partial decay width of, say, SOOKeV to tttt or KK, as observed for ,^(2230). 
Therefore, as the resnlt of observed small partial widths of .^(2230) ^ tttt, KK, we 
may conclnde that the .^(2230) can not be a conventional qq meson. 

(2) The .^(2230) has a large prodnction rate in J/p) radiative decays which are 
known as the glnon-rich channels. In fact, according to (10) and the data of J/pj 
radiative decaysl^^l, the production rate of .^(2230) could be only smaller than pc and 
?7'(958), but larger than or as large as t(1440), 6*(1710), /4(2050), and /2(1270). As 
discussed above, due to the small partial widths of ^ tttt, KK, p can hardly be the 
connterpart of /4(2050) or /2(1270), or other qq mesons. As for the qqqq states or AA- 
like baryon-antibaryon bound states, according to the naive quark pair counting rule, 
they are usually expected to have smaller production rates than the corresponding qq 
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states, since the creation of more quark pairs is needed for qqqq or baryon-antibaryon 
bound state production. Most naturally, the rich production of in J/ip radiative 
decays will imply that the .^(2230) is likely to be a glueball or a qqg hybrid state, but 
the former should have an even larger production rate than the latter. 

(3) The .^(2230) decays are probably flavor-symmetric with many decay modes. 
The closeness of observed decay branching ratios of ^ to tttt and KK, as shown in 
(l)-(4), apparently suggests a possible flavor-singlet nature of the while the small¬ 
ness of these branching ratios, as shown in (6)-(9), indicates that ^ may have as 
many as tens decay modes. These two features bear resemblance to the charmonium 
decays, in particular, to the Xco and Xc 2 decays. Both Xcq and Xc 2 decays may pro¬ 
ceed via two steps: first the cc pair annihilate into two gluons; and then the two 
gluons are hadronized into light mesons and baryons. The gluon hadronization is 
flavor-symmetric and then leads to flavor-symmetric decays. This picture is stronly 
supported by the Xco and Xc 2 decays. E.g., the Xc 2 is found to have approximately 
the same decay rate to n^n~ as to K^K~, and the same decay rate to 7r’''7r“7r’''7r“ 
as to For a glueball, say, a glueball, which is made of 

two gluons, its decay proceeds via the two-gluon hadronization, which is similar to 
the second step of the Xc 2 decay. The difference between the glueball and Xc 2 in their 
decays is that the two gluons are hadronized at different energy scales, and conse¬ 
quently in the two cases the branching ratio for a given hnal state can be different. At 
the higher energy scale like the Xc 2 mass, more channels are open and competing, and 
more particles (pions mainly) are produced with certain averaged momenta to bal¬ 
ance the primitive leading particles converted by the gluons, and therefore the decay 
branching ratio to 7r’''7r“7r’''7r“ can be larger than to 7r'''7r“, and that to ppn~^n~ can be 
larger than pp, as observed experimentally in the Xc 2 decays^^^i. Despite of this differ¬ 
ence between the charmonium and glueball, we believe the observed flavor-symmetric 
pattern of charmonium decays does lend strong support to the conjecture that the 
glueball decays should be flavor-symmetric. Another possible feature of the glueball 
decay is that glueballs probably have more decay modes than conventional qq states. 
A qq meson decay occurs when the color flux tube formed by q and q is broken at 
large distances by the creation of new quark pairs (the OZI allowed decays); whereas 
a glueball decay proceeds via the gluon hadronization. There are more possibilities 
and combinations for the gluon fragmentation and hadronization than for the quark 
pair creation in a color flux tube. Therefore, a glueball may have more decay modes 
than a qq meson, and hence have smaller branching ratios to many hnal states. In 
these connections, for ,^(2230) the observed havor-symmetric decays to tttt, KK and 
the smallness of these decay branching ratios seem to favor the assignment that the 
.^(2230) is a glueball. A {uu + dd)g habrid state may also have comparable strengths 
to couple to TTTT and KK, but it can be distinguished from a glueball by certain special 
decay modes, e.g., it can decay to ucj) but not to 00. The havor-symmetric couplings 
of ^ to TTTT and KK also disfavor the qq states, because havor mixings should be small 
for orbitally excited qq mesons. E.g., /2(1270) and 02(1525) {L = 1) have dominant 
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decay modes to tttt and KK respectively; and the /4(2050) {L = 3) has dominant 
decay modes to uu, tttt, while its branching ratio to KK is only 7 x 

With the three observations made above, we see that the .^(2230) is very unlikely to 
be a conventional qq meson, less likely to be a four-quark state or a baryon-antibaryon 
bound state, but very likely to be a = {even)^^ glueball, though a qqg habrid 
could also be a disfavorable possibility. To draw a more dehnite conclusion about the 
nature of .^(2230), further experimental studies should be done. Following suggestions 
might be useful. 

Searching for more decay modes of .^(2230). Since the observed nn,KK, and pp 
are expected to be, according to (6)-(9), only a small portion of the decay modes of 
other decay modes such as rjT], rjr]', rj'rj' and nnnn, nnKK, pp, K*K*, 00 may 
be important. A systematical test of the flavor symmetric nature in the decays will 
be crucial for the glueball interpretation of 

Searching for some special decay modes of .^(2230), e.g., ui(() and 00. A glueball 
can decay to 00 but not uj<p, whereas a {uu -|- dd)g habrid may decay to a;0 but not 
00. Therefore those modes may provide crucial tests for distinguishing between the 
glueball and the habrid. The u(j) mode is also a prediction for the qsqs state. 

Determining the spin-parity of .^(2230). The spin-parity of ^ could be 0’'',2’'' or 
= d’*' will disfavor the glueball and habrid interpretations, because it requires 
a non-A wave orbital angular momentum between the constituents, and then lead 
to higher mass and lower production rate in J/ip radiative decays than ,^(2230). In 
this connection, it is interesting to note that a comprehensive lattice study of SU(3) 
glueballs by the UKQCD Collaboration suggests the mass of the 2++ glueball be 
2270 ± Therefore, if the spin of P, is experimentally determined to be 2, 

then the gluball interpretation fo will be even more strongly supported. 

Examining the inclusive photon spectrum in the ^(2230) region in the J/ip radia¬ 
tive decays. According to (5), the has a large production rate in J/ip 'ygg 
7 -|- hadrons and therefore should show up as a narrow peak in the inclusive photon 
spectrum. This will be a test of consistency for the and experiments, 

and is also very important for the understanding of the nature of .^(2230). 

To sum up, we believe that the recent result reported by BES is very encouraging 
in the idenhcation of the puzzling state .^(2230). With both the BES and PS185 
experiments, this particle is found to have striking features that it has very narrow 
partial decay widths to tttt and KK, a, large production rate in J/ip radiative decays, 
and flavor-symmetric couplings to tttt and KK. These features strongly favor the 
conclusion that the .^(2230) is likely to be a = {even)^^ glueball. 
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CCAST Workshop on Tan-Charm Factory, Beijing, November 1994, where this work 
was presented. I also thank J.Li, J.H.Liu, W.G.Yan, S.Z.Ye, Z.P.Zheng, Y.C.Zhu, 
and, in particular, S.Jin for many stimulating discussions on the experimental sta¬ 
tus of .^(2230). This work was supported in part by the National Natural Science 
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